BACKGROUND: Decline in upper-body function and development of upper-body symptoms are adverse effects of breast cancer therapy and may affect functional independence, particularly among older survivors. The long-term risks and predictors are poorly understood.
M ore than half of the 200,000 new U.S. breast cancer cases each year are 65 years old or older.
1 Most (90%) have nonmetastatic disease, 2 which has an 84% 5-year relative survival rate. 3 The combination of good survival and advances in life expectancy has yielded a pool of 1 million breast cancer survivors over age 65. 1 Among these survivors, follow-up is best managed by primary care providers in collaboration with oncological specialists. 4 An important aspect of posttherapy care involves management of treatment-related morbidities, which includes poor upper arm function.
Breast surgery, axillary node evaluation, and radiotherapy are mainstays of treatment for breast cancer. 5 These modalities provide prognostic information and optimize loco-regional control. However, they also have side effects, including functional decline and upper arm symptoms, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] which may persist for 20 years after initial treatment 16 and which have particular salience for older women. In older women, functional impairment and sensory symptoms-such as pain, tingling, or numbness-may be amplified by the development of musculoskeletal conditions and comorbidities. 17 Taken together, these factors may interfere with the ability to maintain functional independence. 18 We studied a cohort of older women with early stage breast cancer to (a) determine the occurrence of decline in upper-body function and development of upper-body symptoms, and (b) examine the predictors of the occurrence of these outcomes.
METHODS

Population
Our procedures have been previously described. 19 Women diagnosed with breast cancer between December 1996 and September 1999 were identified in Rhode Island, North Carolina, Minnesota, or Los Angeles. We selected women 65 years old or older at diagnosis with stage I disease and a tumor diameter of 1 cm or greater, stage II or IIIa disease. They had no prior breast cancer and no secondary tumor at another site. Patients were cognitively able to participate, English speaking, and had satisfactory hearing or a proxy respondent (21 of 644 baseline interviews were completed by proxies). We obtained permission from the attending physician to contact patients. We called women who met the entry criteria and sent an enrollment package to explain the study. Those who were not enrolled within 5 months of surgery, or who declined to participate, were excluded. We asked women who agreed to participate to return a signed consent form approved by the institutional review board with oversight at her hospital.
We obtained permission from physicians to contact 1,621 women; 783 consented to full participation, and 82 women consented to medical record review only. The proportion of women whose physicians refused to allow contact increased with age, from 16% (65 to 69 years old) to 25% (80 years and older). Similarly, the patient refusal proportion increased with age, from 35% (65 to 69 years old) to 52% (80 years and older).
Data Collection
Enrolled participants completed telephone interviews at 3 to 5 months (baseline, n =689), 6 to 8 months (n =617), 15 to 17 months (n =511), 27 to 29 months (n =456), 37 to 39 months (n =308), and 49 to 51 months (n =232) after surgery. We used the interviews to collect demographic characteristics ( 
Analytic Variables
Dependent Variables. We assessed upper-body function before diagnosis (baseline interview) and after diagnosis (each interview) based on self-perceived ability to perform 3 tasks: (a) pushing or pulling large objects, such as a living room chair, (b) lifting objects weighing more than 10 pounds, such as a heavy bag of groceries, and (c) reaching or extending arms above shoulder level. [23] [24] [25] For each question, the response options were very difficult, somewhat difficult, or not difficult.
Responses at each interview were compared with their prediagnosis levels and women were classified as having a decline in upper-body function if any 2 of the 3 tasks were perceived to be more difficult than they were before diagnosis.
Beginning at the 15-month interview we also assessed upper-body symptoms by asking whether women had the upperbody symptoms of general discomfort and general swelling. Women were asked to grade their symptoms as not at all, a little, a fair amount, much, or very much. Symptomatic women were those who reported these symptoms much or very much. 
Independent
Analytic Strategy
We calculated the frequency and proportion of the study population who had each outcome and in each category of the independent variables. All analyses used the initial decline in function or onset of symptoms as the outcome. We calculated the mean and standard deviation of the MHI-5 and PFI-10 in the study population. To determine the independent variables strongly associated with the dependent variables, we used the w 2 test for categorical independent variables and the t test for continuous independent variables to calculate a test for homogeneity of proportions or means, respectively. Patient and cancer characteristics associated at the bivariate level with Po.1 were entered into logistic regression models (1 for each dependent variable) using generalized estimating equations (GEE) in SAS version 8 26 to mutually adjust the associations. These models were adjusted for age category, enrollment site, and follow-up time (using 5 indicator variables to represent the 6 interviews) regardless of whether they met the entry criterion of Po.1.
Population Comparison
We compared the proportion of breast cancer survivors with upper-body function decline between diagnosis and the 51-month interview to the proportion with decline in a subsample of the Framingham Heart Study (FHS) cohort, 27 frequency matched to our cohort on age, sex, and calendar time, over the 4-year period between examinations 20 and 22. We chose the Framingham cohort for this comparison because we could match on important variables; we had measures on 2 of the 3 upper-body function items; and we were able to follow the cohort for a time period comparable with that of our breast cancer cohort (BC). The prevalence of comorbid diseases at baseline in our BC was similar to the matched subsample of the FHS cohort: congestive heart failure (BC =2%, FHS =1%); stroke (BC =3%, FHS =6%); peripheral vascular disease (BC =1%, FHS =7%); diabetes mellitus (BC =10%, FHS = 5.5%); and chronic pulmonary disease (BC =6%, FHS =4%). Only 2 of the 3 upper-body function measures (push or pull large objects and reach above shoulder level) were available in the Framingham study data, so we defined upper-body function decline as a decline in either of these measures for purposes of this comparison.
RESULTS
Patient Characteristics
We excluded 45 women who reported that 2 of the 3 tasks were very difficult before their breast cancer diagnosis, resulting in a final sample of 644 women (Table 1) . They were predominantly white (93%), married (46%), and had at least a high school education (83%). About 40% had 1 or more comorbidity and about 20% had a BMI of 30 or greater. Eighty-two percent reported exercising after completing treatment as recommended by a doctor or a physical therapist or continuing exercise as part of their lifestyle. Most subjects (81%) had stage I or IIa disease with estrogen receptor-positive tumors (76%). They were evenly divided between those receiving mastectomy and breast conserving surgery; half received radiation therapy, and more than 90% underwent axillary node dissection. Surgery was on the side of the dominant hand in 53%.
Decline in Upper-Body Function
Three hundred and forty-one women (54%) reported a decline in upper-body function over the 4 years of follow-up. In the matched sample of the Framingham cohort, 60 of 518 women (10%) reported a decline in upper-body function over 4 years of follow-up. Table 2 shows that age, BMI, mental health index, physical function index, exercise performance, node dissection, and surgery on the dominant side were crudely associated with the initial decline in upper-body function. Older age, specifically age 70 to 79, emerged from the multivariable modeling as a predictor of a decline in upper-body function. A higher baseline mental health index (healthier) appeared to protect against a decline in upper-body function.
Upper-Body Symptoms
One hundred and nineteen (25%) of 485 women reported developing new upper-body symptoms over the follow-up. Table  3 shows that BMI, exercise performance, surgery type, and receipt of axillary node dissection were associated crudely with developing upper-body symptoms. Important predictors of developing upper-body symptoms that emerged from the multivariate model were higher BMI and receipt of axillary node dissection.
CONCLUSIONS
Previous studies have described sensory and functional morbidity arising in women treated for breast cancer. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Only 1 addressed the symptomatic and functional consequences in elderly women, and the duration of follow-up was only 24 months. 28 We followed a large cohort of older women treated for early stage breast cancer for 4 years after primary therapy to identify factors associated with 2 related complications of treatment: decline in upper-body function and development of upper-body symptoms. Women 70 to 79 years old were more likely to experience upper-body function decline than women 65 to 69. However, women 80 years or older did not experience more symptomatic or functional morbidity than the 65-to 69-year-old reference group. Performance testing of upper-body function would be required to determine whether our findings are a reporting artifact, are because of role differences between the 2 older groups, reflect selection of only the healthiest women in the oldest group, or are true age-related patterns.
Although comorbid conditions have been previously associated with decline in upper function, 13, 14 the relation of comorbid disease to symptoms has not been previously investigated, nor has its relation to function as long as 4 years after treatment. In this study, women with comorbid diseases reported decline in upper-body function and development of symptoms approximately as often as women with no comorbidities. Women with a BMI of 30 or more at baseline were more likely to have upper-body symptoms after treatment, but not functional decline. The association between BMI in the obese range and development of upper-body symptoms has not been previously reported, and has important implications given the growing obesity epidemic. Receipt of axillary node dissection, compared with clinical evaluation, was more strongly related to symptoms than to decline in function. This difference likely reflects the technique of axillary dissection. The superior trunks of the brachial plexus, which innervate muscles of the upper arm, should not be exposed during surgery, thus preserving power and function. However, the sensory branches of the brachial plexus and the intercostobrachial nerve can be intermingled with nodal tissue and may be sacrificed at surgery, resulting in altered sensation to the arm. The intercostal sensory nerves may also be interrupted, thus altering sensation to the axilla and lateral chest. Aspects of breast cancer treatment have been previously associated with upper arm morbidity, including surgical manipulation of the axilla with either sentinel lymph node biopsy or axillary node dissection 8, 10, 29, 30 and radiation therapy. 6, 9, 13, 15, 31 The advent of less invasive sentinel lymph node evaluation will reduce the prevalence of axillary node dissection among breast cancer patients below that observed in this population, although patients with a positive sentinel node will often still receive an axillary node dissection. Knowledge of the benefits of invasive treatment should be tempered with the risks when counseling patients and patients' preferences should be considered. Exercise was not strongly related to either decline in function or development of symptoms in our study. Notably, over half of our subjects exercised their upper-body as recommended by a physician or physical therapist to improve or maintain upper-body function. This proportion may be overstated, as we relied on self-report to ascertain exercise status, rather than an intervention, direct observation, or medical record review. The near null association between exercise and decline in function may arise, in part, from a bias toward the null generated by over-reporting of exercise. In addition, the moderate association between prescribed exercises and onset of upperbody symptoms may partly reflect the potential for exercises to be prescribed as treatment for these symptoms, rather than to prevent them.
There are few, albeit encouraging, studies evaluating the potential benefits of posttreatment exercise interventions to mitigate treatment-related effects. [32] [33] [34] A randomized-controlled trial of women with stage I and II breast cancer evaluated outcomes in women who either had usual care (control group), self-directed exercise, or supervised exercise. 32 A significant Ã Age category, enrollment site, follow-up time, and variables with Po.10 in bivariate analyses were included in the multivariate model. and positive effect on physical functioning was reported in women in the self-directed exercise group and those who were in a supervised exercise group. Moreover, exercise in older women has a multiplicity of positive effects aside from preserving upper-body function. These include improved mood, mobility, and decreased risk of falls. Assuring that a component of exercise is directed at upper-body function among older breast cancer survivors will achieve these positive effects and may also reduce the risk of a decline in upper-body function or the onset of upper-body symptoms secondary to their breast cancer therapy. There are several limitations that need to be considered when interpreting our results. First, enrollment and exclusion procedures affected the representativeness of the cohort. Older patients were less likely than younger patients to be enrolled. In addition, we excluded women who reported poor upperbody function before diagnosis. These selection forces likely yielded a cohort of older breast cancer survivors that was healthier than nonparticipants. For example, 88% of women reported exercising after breast cancer treatment or continuing exercise as part of their lifestyle and the mean mental health index and physical function index in our cohort exceeded U.S. norms 20 for women 65 years old or older (81 vs 62 and 82 vs 75, respectively). Nonetheless, the associations between the outcome variables and the predictor variables should not be biased by selection into the cohort; it is only their extrapolation to less healthy breast cancer patients that may be affected. Second, we relied on self-report to ascertain upper-body function and upper-body symptoms. This strategy made our multisite longitudinal study feasible, but precluded the use of performance testing as the gold standard measure of upperbody function. Ascertainment of decline in function is of particular concern, because we asked women to recall their up- [35] [36] [37] Objective measures of function do not measure patients' perceptions of their function, and if perceived function is more closely related to quality of life and ability to maintain independence, it may be the more salient measure.
We also used self-report to ascertain the occurrence of upper-body symptoms, and defined the presence of upperbody symptoms only if responses were in the much and very much categories, which may have led to an underestimation of the risk of upper-body symptoms. Upper-body symptoms defined less conservatively may be associated with a different set of predictors. In general, outcome definitions that permit the fewest false positives should yield the strongest and least biased estimates of association, 38 therefore we chose to implement a strict definition. Finally, we do not have unbiased estimates of the extent to which women recovered function and/or experienced reduced symptoms. In a previous study, we found that seeing a breast cancer specialist in the previous 6 months was the only factor associated with functional recovery (1,818). With these limitations in mind, we observed that breast cancer survivors reported decline in upper body function 5-fold more often than a matched sample of the FHS cohort, suggesting that decline in upper-body function and development of upper-body symptoms are long-term complications of treatment for early stage breast cancer that have particular importance to older women. We recommend that primary care physicians consider risk stratifying their patients, as older patients and those with lower baseline mental health index are at risk for decline in upper body function, and those with increased BMI and axillary lymph node dissection are at risk for developing upper body symptoms. In following breast cancer survivors, primary care providers should combine a focused review of systems and a targeted examination to assess upperbody function and symptoms. Additional research should identify effective interventions that reduce upper-body symptoms and maintain function among older breast cancer survivors.
